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The CHAIRMAN : We will now resume the discussion on Mr.
Swinburne's and Mr. Esson's papers.

Mr. wmans. Mr. WILLANS : There is just one thing I would say. I notice
that in Mr. Esson's paper he speaks of the arrangement of the
field magnets on page 124 of the paper as being the worst arrange-
ment of all. It happens to be the arrangement of the field
magnets of a great many dynamos that come through our hands.
I do not suppose he means the worst in the sense of worst in
point of efficiency, but only the worst in this particular point of
the armature being unbalanced. He mentions one case in his
paper in which the unbalanced force was equal to 1,500 lbs. for a
60,000-watt machine, and in which he says that the bearings
suffered in consequence. The figure of 1,500 lbs. is not a very
large one for a machine of that capacity. In fact, in many
machines of about that capacity the armature itself weighs more
than that. If, then, you do not take advantage of the upward pull
to lift the armature and relieve the bearings, you actually have
a downward pressure equal to that of which Mr. Esson speaks
with such horror, even if the armature is magnetically balanced.
If you take advantage of the distortion caused by the magnetic
path being stronger at the top than below, you may easily get
out of this difficulty; and in that way I should rather consider it
an advantage, other things being equal, to have a distorted field
than otherwise. We have had a great many of these machines
through our hands, and never had any difficulty in balancing the
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armatures, the efficiency - * * being in many cases from 83 per

cent, to 85 per cent.
The only other point I wish to speak upon is this: Mr.

Kapp, I think, spoke very strongly about the Admiralty
temperature clause. We have tested very many machines, and
I think I may say that we have never found that machines which
gave such a high efficiency reached a high temperature. I have
on several occasions attempted to measure the power by noting
the dissipation of heat after the armature has reached its
maximum temperature, and we have generally found that it
agreed substantially with the loss of power as shown by the
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indicator diagrams; and in many cases where the machines have Mr

got very hot we have only got about 70 per cent, of the indicated
power at the terminals of the dynamo, whereas with cool arma-
tures we usually get 82 per cent. It seems to me, therefore, that
the heating is not a thing which we ought altogether to neglect.
•On the other hand, I do not believe in that part of the Admiralty
clause which deals with the temperature as ascertained after one
minute. It seems to me that if we try to take the temperature
of the armature after it has been stopped a minute, or within a
minute, we shall not obtain any indication of the temperature of
the armature, but some rough indication of the conductivity of
the thermometer, and of the insulating material on the machine.
What ought to be done is to have two or three bars in the
armature bared so that you can apply a flat-bulbed thermometer,
and then note the maximum reading, carefully protecting the
thermometer while the temperature is rising. From that we
may obtain some idea of what the losses really are. The amount
of power given off as heat from an armature running even at 400
or 500 revolutions is considerable if it reaches a high temperature,
and is a thing which ought not to be neglected. When the
temperature rises more than 70 degrees above that of the
surrounding air, you begin to get a considerable loss, but that is
only a very rough idea. It varies, of course, with the size of the
machine, the loss being greater in proportion to the rise of
temperature in the case of a small machine, and in the case of a
well-ventilated machine.

Professor FORBES : I will begin with a few remarks on Mr. Professor
o Forbes.

•Swinburne's paper, as it came first in order; and in the first
place I would recommend the non-mathematical members who
are here not to assume from the number of mathematical
symbols in the paper, and the authoritative diction of some
of the remarks in the paper, that necessarily all the conclusions
arrived at are perfectly accurate. There is a tendency to do
so, I know, and I merely give that warning that it is not neces-
sary to do that. In the first place, let me say that both these
authors have tried to bring calculation to bear upon a part of the
design of dynamos which has hardly been touched upon in public
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Forbes.°r before, although a great number of workers have been upon the
subject. Mr. Swinburne has in a most admirable way attempted
to apply mathematical formulae to the subject, especially as to
the question of armature reaction, and the lead of the brushes,
and so forth. But anyone who reads the mathematical part of
Mr. Swinburne's paper will see that he is obliged to have
recourse to what I would almost say are very wild approxima-
tions. In the necessity of the case, it is essential that he should
do so, and consequently any mathematical result he had arrived
at from the direction in which he has been working would
probably not be at the present time very directly applicable to
the design of dynamos, although I must say it would be a step
in the right direction, and it would be helping us forward. But
the general result is that, after having gone through these
approximations as to the lead of brushes, and so on, he completely
throws up the mathematical department altogether, and he
simply says, "We can easily see that a considerable magnetic
" induction is necessary on the short-circuited coil in order to
" reverse the current before the brush leaves the commutator
" armature, and therefore it is quite clear that the position of
" the lead ought to be somewhere near the horns of the
" dynamo."

I will now take the case where he deals with sparking, and the
waste of power owing to self-induction. On page 101 of the paper,
he assures us in the most authoritative way that—" if there were no
" self-induction, the field necessary to reverse would be just enough
" to preserve a current of 200 amperes against the resistance of
" the convolution." That is, in the particular case he had been
describing. " If the brush surface were the same, the convolution
" would be short-circuited for, say, l-40th of a revolution." Why
l-40th he does not say. " The loss of power would then be 28
" watts. The self-induction prevents the current reversing
" instantaneously, and makes it change gradually. This reduces
" the power to about one-third, so 18 watts is about the loss of
" power due to the short-circuiting of the convolution. The
" self-induction of the section is thus instrumental in prevent-
" ing waste of power." WTith all due deference to the author, I
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must say we cannot accept this in any way whatever. If there professor
. . . Forbes,

were no self-induction in the short-circuited coil, there would be
absolutely no sparking. He seems to have missed the point
altogether that the loss of power owing to self-induction is simply
this—that during the period of a revolution each section of the
armature is short-circuited for a certain period, and that the
self-induction produced a certain electro-motive force, which is
wasting power in producing an electro-motive force acting
through that short-circuited resistance.

The other point that I wish to draw attention to in this paper,
which may strike those present as having a good bearing on the
design of practical machines, is with regard to throttling. That is
on page 97,1 think. At page 97 there is a design of a machine
(Fig. 3) which is a double field magnet—a four-legged field magnet,
as I have sometimes called it—and he points out that by making
the section of the field magnets where two arms join extremely
thin you throttle the induction due to the field coils, and so you
prevent the armature coils from distorting them and moving
them past that throttling place. Suppose the armature is
revolving in this direction [indicating'],' the tendency of the
armature reaction would be to make the trailing horn—the left
trailing horn I may call that — very feebly magnetic, and to
carry the magnetism round in the direction of the rotation, and
to make the left leading horn more magnetic than without the
armature reaction. That is perfectly true; that is the case.
And the argument of Mr. Swinburne is that by doing so you
prevent the lines of force on the left trailing part of the field
magnets from coming forward towards the leading left part of the
field magnets. Now let us see exactly what does happen in the
case of this throttled field magnet. You have at the left trailing
horn very little magnetism, and you have the whole of the
magnetism concentrated on to the left upper throttled corner, if

may call it so. You have the magnetism taken away altogether
from the left lower throttled corner, and you have it concentrated
at the left lower leading horn, and similar reactions on the right-
hand side. This, I must say, if you work it out, is absolutely
detrimental to the performance of the machine, and by the
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Professor addition of a very little quantity of iron there you would have a
very considerable addition to the amount of induction through
the armature.*

Then in this paper, finally, I have to remark about the
different arrangements which have been proposed to prevent
sparking. They certainly have some ingenuity, but I think
there is a defect which may be appropriately described in
the language Mr. Crompton adopted some time ago—that the
mechanical eye, or the electrical eye, or whatever it is to be
called—the eye adapted to the designing of dynamo machines—
when looking at this design, cannot consider that it is the right
thing ; it does not seem quite the way in which we are to get
over the sparking. However, I am not going to discuss that
further.

I think we owe to Mr. Swinburne an enormous debt of
gratitude for having brought these points before us, which have
been very little considered in the designing of dynamos before;.
and also to Mr. Esson, who has gone over almost identically the
same points as Mr. Swinburne, besides a considerable number of
other ones. I should say that we are at this time, in relation to
the design of dynamos, somewhat in the position we were some
time ago in the design of steam engines. We have got past the
period when we learnt to use expansion of steam; we have got
past the period when we learnt to use separate condensers; we
have got past the period when we have learnt to use steam
jacketing; we have got into the period now when we are going;
to consider the effect of cushioning, and when we are examining
into the question of the way in which the valves act. In fact, we
are beginning to examine the indicator diagram not so much as-
a measure of the total horse-power which is given off by the
steam engine, or its efficiency, but more as a measure of the
efficacy of the different parts of the machine. I think that is a,
somewhat apt illustration of the position we are in at the present
moment with regard to dynamo design.

* On further consideration, I see that this kind of distortion is not so detri-
mental as I thought at first.
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I will take a few points—I do not wish to take many Professor
1 J Forbes,

minutes—but I will take a few points in Mr. Esson's paper. In
the first place, I shall draw attention to page 121, where, in
speaking of the waste field, he says that "' calculations undertaken
" with a view to ascertaining its value from a knowledge of the
" shape of the machine, without reference to previous machines, are
" necessarily of a laborious character, and the labour in the end
" leads to no great accuracy." As having, I think, started that
means of work in the design of a dynamo, I certainly have to record
my experience completely in the opposite sense—that the labour
expended is well worth the time; and one gentleman who has
already spoken on the subject has mentioned that in the course
of his designing work he does calculate the waste field, with very
profitable results. And here I would only say that this is one of
the many points where we find that a very little calculation does
help one very much in minimising the difficulties attending the
attainment of results predicted from our preliminary calculations.
The class of engineer who have arrogated to themselves in certain
parts of the world the title of " practical men"—that is to say, the
men who cannot use theory and apply it to practice—these men
would not waste the three or four hours that are required to work
out the waste field in any dynamo from purely theoretical con-
siderations ; they would prefer to waste a month's labour in
constructing a machine, and the expense attendant thereon,
rather than do so. All I say is that in the design" of a dynamo
machine there are so very many points in which you are apt to get
a little out, that it is worth while devoting the three or four days
that may be necessary to work out the mathematical theory in
all its details in order to get the nearest approximation to the
result which is possible ; and I think it is a mistake to neglect any
precaution which could be taken to arrive at the correct design,
considering that the whole of the computations that are probably
necessary in designing a dynamo do not take more than some
two or three days at the outside.

I wish to congratulate Mr. Esson very much indeed, not
only on the thoroughly practical nature of his paper, in which
he has brought to bear the results of experiments on a large
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Professor number of different types of machines which have never been
Forbes. #

 J r

brought into conjunction before in the same sort of way, but also
for the number of special points in the design of machines which
have never been treated of publicly before. Specially I would
mention that very interesting part where he speaks about the
waste in hysteresis—on pages 132 and 133, where he gave those
curves, and brought out, I think for the first time, that very
interesting fact. On page 132 two curves are given, one showing
great waste in hysteresis as the induction is increased—the waste
of hysteresis in one complete revolution. But then he points out
that when you have a higher induction you are also getting
a higher E.M.F., and you must also take that into account; and
when he takes that into account, he gives another curve showing
the comparatively small extra waste there is in going up to a
considerably high induction—that the waste of hysteresis becomes
then much more insignificant. I think those curves are of the
utmost interest in dynamo design.

The next point I would draw attention to is the question
of distortion, which is dealt with in both these papers, both
by Mr. Swinburne and Mr. Esson; and remarkably alike they
are, too, in many of their ways of investigating the ques-
tion. It is most interesting to see it, and it certainly is
extremely instructive to study these different diagrams. But
I have had a good deal of experience on the effects of distortion
in designing the type of low-tension non-commutating dynamo
which has been called " non-polar " dynamos and "other names; and
there the effects of distortion are so very great that it naturally
distracts my attention on to the distortion of the ordinary type of
dynamo rather more than it would otherwise, possibly. I wish we
could have some definite information from experimental work as
to what the effect of distortion is in diminishing E.M.F. Mr.
Esson, in an extremely interesting account of this part of the sub-
ject, on page 136, says: "The distortion of the field produces in
" a dynamo run without lead a diminution in the E.M.F., for two
" reasons—first, because the induction acts differentially on the
" conductors lying between the brushes; secondly, because the
" currents flowing in sections active when short-circuited under
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" the brushes weaken the field." Now there is a third reason why Professor
Forbes.

distortion acts to diminish the E.M.F., which is a very potent one
indeed in the type of dynamos I have spoken of, and which has
a considerable effect in the others. The diagrams that Mr.
Swinburne shows are hardly so well calculated to show this as
those given by Mr. Esson on page 136 (Fig. 18). He shows the
effect of distortion upon the direction of the lines of force in the
field magnet and the armature, and you will notice that the effect
of the armature current is to weaken the field at the trailing horn,
and to strengthen the field at the leading horn. You might
think that naturally these two effects combined would produce
no difference in the results; but as a matter of fact, when
the magnets are fairly well saturated, the E.M.F. tending
to demagnetise them will have much greater effect than the
same E.M.F. tending to increase the magnetism. Especially
when the E.M.F. is tending to increase the magnetism the
induction will have no effect whatever hardly, whereas the
same E.M.F. applied to diminish it will have a very large
effect. Consequently the lines are not able to crowd together in
the leading horn, although they are allowed to separate on the
trailing horn, and these produce considerable diminution in the
E.M.F. In the non-commutating machines this effect is most
marked, because the magnetic resistance of the circuit upon which
the armature current is acting is very small indeed. In fact, in this
class of dynamo machine I have nearly always got a drop of 50 per
cent., not in the least from the resistance of the armature, but
simply from the distortion of the field.

Then, on page 139, there is a very interesting discussion
of a new character about the loading of the armature—what is
to be the load on the armature. This, I am sure, is of very
great interest; but the point which Mr. Esson takes up is
that the limit of the load upon the armature of the machine
is to be that limit which just produces sparking, where you
cannot get non-sparking. If that were accepted as the rule
for limiting the load on the armature— the number of amperes
on the armature—his method of investigating is right, and I
think the formula he has given is of the proper type, and
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^ i e ^ar£e numt>er of examples he has given would give us very
nearly the coefficient which is to be employed; so that really on
the whole that would give us a very close result from theoretical
and practical considerations combined. But I must say that my
own view is that the limiting of the load ought to be considered to
be a question of the heating of the armature and the efficiency of
the armature, and not of the non-sparking. When you have
designed your machine and found what it will give—what load
you can stand without overheating and give proper efficiency—
then by all means apply Mr. Esson's formula and see whether you
will get non-sparking; and if you do not, then change the values
of the quantities he uses until by his formula you get non-spark-
ing. That seems to me the ordinary course which must be taken.
in the design of armatures.

The last point I wish to speak upon is the working tem-
perature. On page 148 Mr. Esson takes up the question of
working temperature, and I believe this is the first time the
working temperature has been dealt with numerically in public,
and it was the most important point that was left after the
researches of Mr. Kapp and Drs. Hopkinson on the design of
dynamos. Mr. Esson has arrived at a formula substantially the
same in type as the formula I gave in my paper on the heating
of conductors before this Institution in 1884, but our constants
differ very considerably. Whereas my constant—that is to say,
in the formula the temperature is equal to the work done in
the coil divided by the surface of the coil, multiplied by a con-
stant—was about 800, Mr. Esson's is 355. But he certainly
remarks that he only took the surface of the coil itself, and not
of the whole part that was radiating. I have always felt that
that formula I gave was a very difficult one to apply, and it was
only given at the time because there was nothing else to guide
us at all, and I am most anxious to accept Mr. Esson's figures, and
those which come from practical tests of dynamo machines.

In conclusion, I have only to congratulate both Mr. Swin-
burne and Mr. Esson for having opened up what I consider at
present is the most important branch of dynamo design—the
points about which we want most information.
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Mr. W. M. MORDEY: I must join in congratulating Mr. Mr. Mordey
Swinburne and Mr. Esson on the two papers we have had. I only
regret that Mr. Swinburne's paper is not in print as fully as it was
given to us. He added a good deal of very useful information, •
and made many interesting remarks at the time of reading the
paper, and I am sorry these were not incorporated in the paper
before it was printed. On page 96 of Mr. Swinburne's paper
there is mention of a method which I think I introduced, of
taking the potential distribution in the armature. Mr. Swinburne
suggests another method—the use of a resistance—for the
jmrpose of getting over sparking. As a matter of fact, if the
searching brush used is very thin—as thin as the mica insulation
—there is no sparking.

I do not think that I quite agree with Professor Forbes in
his remarks about Fig. 3. I was going to say with reference to
that figure that the form of field shown there—what is called the
Manchester field—is the form that we would adopt for ordinary
reasons, in addition to the reasons which Mr. Swinburne has put
forward, who diminishes the section of the iron on the middle
line to check the cross induction, and no doubt that effect would
be produced. If there is a very considerable lead—that is to say,
if the machine is overloaded—I agree with Professor Forbes, but
otherwise I think the advantage obtained by decreasing the section
at that point will be greater than the disadvantage Professor
Forbes fears.

In Mr. Swinburne's paper we are shown some figures
illustrating subsidiary pole-pieces used on the armature for
the purpose of setting up a back E.M.F. and decreasing the
sparking. I am curious to know whether this will be found a
very practical way of preventing sparking. If a machine sparks,
I think it does so generally because it is overloaded; and if the
armature is made only of the length shown, but with the whole
length made to do useful work—that is to say, if the rest of the
armature is unloaded, and the load is distributed over that
portion that is reserved for the subsidiary pole-pieces—probably
the machine would be cheaper and more successful than with
subsidiary pole-pieces.
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Mr-. Mr. SWINBURNE : I may save time by saying that the object is
Swinburne. J J J ° J

not merely to avoid sparking. It is done to save the necessity of
moving the brushes to avoid sparking.

Mr. Mordey. Mr. MORDEY : The same thing exactly. On page 114 of Mr.
Swinburne's paper there are some remarks on small-air-space
dynamos. We have often been threatened with small-air-space
dynamos and large-air-space dynamos, both of which were to have
abnormal output. These things have all been on paper, and the
threats have only recoiled on those who made them. Experienced
makers do not advocate anything extreme or abnormal in the way
of air space. There has been very little permanent change in this
matter ; we are just where we were—with medium-air-space
machines, well designed. Now here, on page 114, there is a refer-
ence to this question which seems to me a little unsatisfactory.
We are told: " Obviously, as the air space is small, the magnets
" will need very little excitation, and there will be no waste field
" to speak of, so the magnets may be made exceedingly small and
" light;" then, a little lower down : " This form admits of very
" small field magnets, with very little excitation, so that it is
" specially adapted for machines where extreme lightness is
" needed." But in the very next paragraph we discover that
except for very small loads the machine is unsatisfactory, and the
result naively arrived at is that " the field magnets necessary
" for full load are not so very small after all." Practically we
come back to an ordinary dynamo, an ordinary air space, and
an ordinary output, where Mr. Swinburne will presently join us.

Both authors have referred to constant-current high-tension
machines with smooth commutators. I know Mr. Esson has made
a good many dynamos with smooth commutators for arc lighting,
and worked them to his satisfaction. But I do not think the
move in that direction will continue. A great many makers have
tried it, and, as we all know, very often with very disastrous
results. There are many difficulties in connection with series-
wound high-tension machines. You may get on very well with
steady loads, but with varying loads or accidental short-circuiting
of the mains you do not get on at all well. If the belt stops on
the armature winding comes off. As to shunt winding for such
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machines, I may say that a very little consideration and practical Mr. Mordey.
experience will suffice to condemn that. We have wound Brush
machines shunt instead of series for special cases, but the plan is
not a good one, as the excitation is not by any means required
to be directly proportional to E.M.F. With small loads—that
is to say, with a small number of lamps—the machine will not
excite properly, and with the external circuit open we wish to
avoid any excitation at all, much more the strong excitation which
shunt winding would give, and which leads to troublesome flash-
ing over at the commutator, is costly, and has no advantage. A
series machine is exactly what is wanted: it is cheap to make and
works admirably. The E.M.F. ceases when the circuit is opened—
a valuable quality as regards safety. It has just the form of
hump-backed curve which is necessary for successful work with a
constant current. I am prepared any day to take a large Brush
machine, run it up to 3,000 volts and 10 amperes, and short-
circuit the terminals with a piece of wire a foot long, and
run it so for half an hour if necessary. I ask any dynamo
designer here if there is any ordinary type of machine with
smooth commutator that can be wound for such a current and
treated in that way ? I am quite sure it cannot be done. They
are invariably burnt up sooner or later by sudden reduction of
load or by accidental short-circuit of the mains. We have made
machines of the Victoria type with Gramme commutators up to
1,500 volts. One particularly I remember, of 30 H.P., has been
running for some years; but we prefer the Brush type for such
purposes.

A very interesting question is mentioned on page 115 of Mr.
Swinburne's paper, and that is the heating of the poles. May I
read it out ? It is only a short passage. " The excessive heating
" of the trailing pole corner in the Brush machine has given rise
" to many speculations. It has generally been assumed that the
" heat generated there is no greater than at the leading pole corner,
" but that it is additionally heated by the hot air from the arma-
" ture." (I must say this assumption is new to me.) " It is more
" probable that the excessive heating is due chiefly to increased
" Foucault currents. As the brushes have considerable lead, the
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air. Moidey. " coil leaving the trailing corner is not in parallel with the other,
" so that the heating by Foucault currents in the trailing corner
" would be nearly four times as great as under the leading corner
" where two coils are in parallel." I do not think that is quite
right, because, as is pointed out in Prof. Thompson's book, and as
is known to most of us, in a Brush machine run as a motor, or in
any other machine with Pacinotti projections run as a motor,
although the direction is changed, the pole which is heated re-
mains the same. If a Brush machine, or if any machine that has
a Pacinotti armature, is run in an excited field without any
current being taken from the armature, it might be supposed
that the poles would heat almost equally. As a matter of fact,
the rear corner is always heated most. In a motor the pole that
is heated is not heated as much as in a generator. The explana-
tion is simply, I think, that the effect is due to two things:
one is the action of magnetic tufts, which always heat the rear
horn; the other, and more important, is the action set up by the
current in the armature coils. On account of the line of
commutation being reversed, the pole heated by this latter cause
is behind the brush in a generator, but in front of it in a motor.
Thus, if a Brush machine is run with the brushes in the same
place as a motor as when used as a generator—as in Mr.
Swinbourne's Fig. 14—the same pole corner will heat in each
case, but in a motor the heat will be least, because the two
causes of heating are not acting on the same corner. In a dynamo
the heating is due to the sum of these two causes, in a motor to
the difference.

I am sorry I was not able to be here on the last occasion, when
Professor Ayrton spoke on the subject raised in both papers—the
construction of motors. It is a question that Professor Ayrton and
I have discussed on two or three occasions, but never with any
definite result. I think I was the first to challenge the con-
clusions that Professors Ayrton and Perry arrived at in their
paper of 1883. That paper was a stumbling-block to me, and I
believe, to a good many, and I think it is generally agreed that
Professors Ayrton and Perry by that paper rather retarded that
particular branch of electrical industry. We are all very grateful
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to them for the many services they have rendered to electrical
•engineering, but I think on that particular subject they formed
incorrect views. I see, as the Secretary has kindly sent me a note
of the discussion on the last occasion, that Professor Ayrton spoke
on three separate points. One was the construction of motors for
light weights; another was the question of magnetic lag. On the
•construction of motors generally I am glad to find the authors of
both papers agree with me, and with what has now become
general practice. I think, with regard to Professor Ayrton's
theory, that though there may be a little in it as a theory, there
is nothing in it of service practically. He has told us how to make
very bad machines either as motors or dynamos. We all know, if
we want to get a large-output machine, we put a lot of copper on
the armature and overload the machine, and work it with a good
deal of lead, a good deal of sparking, and a good deal of difficulty ;
but I do not think that is the right way, although it is what
we do when we want to get a large-output machine with a small
weight, whether motor or generator. But I do not think those of
us who have opposed Professors Ayrton and Perry ought to allow
them quietly to back out of their old position. I find there is now
a disposition on Professor Ayrton's part to speak of " large-output
motors " or " light-weight motors," and allow his theory to sink
with regard to ordinary motors.

Professor AYRTON : Oh, no ; quite a mistake. Aj°rton?r

Mr. MORDEY : I am glad to hear it, but would draw attention Mr- Morde-V-
to the definite heading, " Motor Construction for Light Weight,"
which the Professor employed last week. I will read some
•extracts from their paper in order to show what an extraordinary
position it is from which, in spite of the experience of every
electrical engineer here, the Professors refuse to retreat. On page
316 of the Journal, vol. xii., we are told that " i n dynamos the
"magnetic field is mainly due to the action of the field magnet.
" We will presently show why this is not the case in our motor,
" and why we believe it should not be the case it any good
•" motor." Then, at page 334-5, the result is arrived at that in a
motor the armature must have 90 per cent, of the whole weight,
and the fields only 10 per cent., these proportions being reversed
in a dynamo.
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AFTtoSn°r Professor AYRTON : That is not a single hypothesis, you must
remember. You must not read a part like that without reading
the whole paragraph.

sir. Moidey. M r MORDEY : I am going to read the rest. This was not for
the design of any special form of electromotors, be it observed :
" We have every reason to believe that an investigation concern-
" ing these relative sizes in a motor made to any design such as we
" can at present imagine, if soft iron is used in the field magnet,
"must have the result that the armature part ought to form a
" much greater part of the whole weight than the field-magnet
" part, whereas in a dynamo machine it is the armature to which
" the very small weight should be given." It is then stated that
as a practical rule the ratio of weight is made 4 to .1 instead of 9
to 1, and that this secures "a condition for greatest efficiency
" with greatest steady power."

The authors of the two papers before us have now gone fully
into this matter, and have amply confirmed and justified the
conclusions I arrived at more than four years ago, by their
much fuller examination of the subject. It is only necessary
to glance at what has become universal practice, and to consider
what are the qualities that are demanded in practical motors,
to finally settle this vexed question. It is a question of prac-
tice; it is not a question whether the turns of the armature
in a motor assist the field or not. If they materially assist the
field in a motor, or weaken it in a dynamo, then the design is not
a good one, in my opinion But after what has now been elicited
on this matter, it is little more than .waste of time to discuss it
further.

There is one other point. That is the question of magnetic
lag. I see that Professor Ayrton still adheres to his views on
this subject. I do not deny the existence of magnetic lag, but I
entirely deny that, as lag. it makes itself felt in the way that
Professor Ayrton seems to suppose. It is easy to remove the
question into undebatable ground. This need not be a matter of
opinion. I would ask whether magnetic lag ought not to have the
effect of preventing a dynamo from giving an electro-motive force
proportional to its speed ? If it does not do that, it is not magnetic
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lag that we as dynamo designers need consider. I have run Mr. Mord<#,
machines at excessively high speeds to attempt to find some
bending down of the curve. A Victoria machine run up to 1,200
revolutions, or 40 s\y per second, gave a perfectly straight curve
of E.M.F., as shown in the figure, and I believe at still higher
speeds the curve would be found straight.
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Professor AYRTON : May I just point out that Professor
Thompson, who agrees with you that there is no magnetic la-g—••
the great- opponent of magnetic lag—also points out that the
E.M.F. of a dynamo for a constant current is not proportional to
speed ? I t is in his book. I do not think that is right. People
who object to magnetic lag object to one another.

Mr. MORDEY : I should be honoured by being called upon to Mr. Mordey
answer for Professor Thompson, but it is not necessary. I know
that in the Brush machine description one curve is shown of a
cast-iron armature in which there is a perceptible bend due to the
demagnetising effect of the eddy-currents, which were enormous;
the t)ther curve is from a laminated machine in which the eddy-
currents were still considerable, but not so great as in the cast-
iron machine. The latter "curve" is perfectly straight; and quite
recently we have made some experiments with Brush machines ^

VOL. xix. 16
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Mr. Mordey. running up to exceedingly high speed without finding any bending
, " down of the curve. I may point out that the eddies alone might

have been expected to cause such a bending, but they do not
appear to have this effect unless they are of very serious amount.
The bending, when it occurs, is thus found to be due to other
causes than magnetic lag, and I do not remember that Professor
Thompson ever asserted the contrary.

Mr. Sayers. Mr. -\Y. B. SAYERS : I would ask your indulgence, as this is
the first time I have attempted to make any remarks. In the
first place, on page 111 of Mr. Swinburne's paper there is a
paragraph in which he says: " It is sometimes imagined that
" some effect of the convolutions being commutated acts
" differently in a motor, but a glance at the diagram shows
" that the action is completely reversed. The section being
" commutated in a dynamo opposes the movement of the arma-
" ture; in a motor it assists the armature. No appreciable
" Foucault currents can be caused by the reversal of the
" section. If any were, they would assist the dynamo and
" oppose the motor, so that they would also be reversible."

I should say that after the last meeting I spoke to Mr.
Swinburne on this subject, and I think he admitted that there
is an error in this paragraph.

Swinburne •^•r' SWINBURNE: Not an error, but it is badly put. The
current is of two values under the brush—first one way, and at
other times the other way—and they each exactly balance out.
Each part of it is right.

Mr. Sayers. Mr. SAYERS : I think there is some mistake.
Swinburne ^ r* SWINBURNE : I will explain it in my remarks.
Mr. sayers. Mr. SAYERS : Eeferring to Fig. 14, he says : " Suppose the

" direction of the currc-nts in the field and armature to remain
" the same, but the direction of rotation of the armature to
" reverse, the dynamo then becomes a motor/' Now the reversal
of the direction of rotation, all other conditions remaining the
same, will reverse the direction of the E.M.F.. in the short-
circuited coil; thus the current "will be of one direction in the
case of a dynamo, and the other in that of a motor.

Swinburne Mr. SWINBURNE : The same direction in each part.
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Mr. SAYERS : I must be allowed to differ for a moment. I Mr. Sayers.
think it therefore follows that the current in the short-circuited
section opposes the rotation of the armature, and does not assist,
as Mr. Swinburne states in the paragraph I read.

The current in the short-circuited section is obviously in the
same direction as the Foucault currents. These, therefore, also
oppose the rotation of the motor. If we consider the mass of
iron rotated in the magnetic field, and do not trouble ourselves
to think whether the rotation is caused by a band or by the
motor action of the winding, we see at once that it is impossible
that these currents can be of any other than a direction to oppose
the motion, whether the machine is as a motor or as a dynamo.

My experience is entirely in accord with this result. In 1886
I was with Messrs. Chamberlain and Hookham at Birmingham,
and it was my practice to test new dynamos by running them as
motors with no load; and I invariably found a lower speed in the
case of a machine running as a motor than when running as a
dynamo with a given E.M.F. generated in the winding—that is,
after making due allowance for losses due to resistance of the
winding, and correcting readings of instruments accordingly.

I may say that Mr. Esson's tables on page 158 of his paper
show invariably, excepting in one case, a higher E.M.F. with a
given speed—although only a slightly higher one—in the case
of a machine running as a motor than as a dynamo. This I have
found to be invariably the rule.

Although Professor Ayrton talks to-night of a non-sparking
lead, last time I remember he spoke of the machine on which he
had experimented as having sparked considerably, or at any rate
as not being non-sparking. Now when we have the brushes at
the position of non-sparking, we have practically no effect from
the current in the short-circuited coil. That current simply
falls in with the ordinary armature current, and does not have
any demagnetising effect except by adding to the back-turns; it
counts as a back-turn. But when the brushes are in a position
in which there is a good deal of sparking—when we get sparking
—then there is a heavier current in the short-circuited coil, and
we get a demagnetising action in the case of the dynamo, and
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a magnetising action in the case of a motor.* But when the
brushes are in the position of non-sparking, the current in the
coil under the brush simply falls to zero, and rises just to the
right value in the opposite direction as the section is leaving the
brush, and there is no disturbing effect on the magnetic flux.
I think that agrees with what Mr. Swinburne said. If the core
of the armature is well divided, and insulated so as to make the
Foucault currents very feeble, and non-sparking conditions are
fulfilled as regards position of brushes, &c, the difference
between the dynamo and the motor is reduced to a minimum.
I think this is entirely in accordance with experimental results.

I should like to say a few words with regard to sparking. I
think there is room for greater accuracy in the relation between
the armature coils and the commutator sections. In any
mechanical machine, such as a wheel-eutting machine, or in
toothed wheels-, I venture to say that engineers construct such
wheels with a far greater accuracy than most dynamo makers
Employ in setting out their coils and sections of the commutator,
and I think this is a question of the first importance. Inaccuracy
in the setting out of the armature coils and sections of the com-
mutator cut down the neutral point, and may easily obliterate it
for any practical purposes. Obviously, if the brush is set to a
sparkless position for one section, it will not be in the. sparkless
position for all, unless the angular relation between the coils and

* Iu the paragraph I quoted from page 111 of Mr. Swinburne's paper he speaks
of the current in the short-circuited coil opposing the movement of the armature
in the case of a dynamo, and assisting it in the case of a motor. I therefore dealt
first with the conditions under which there is a waste current in the short-
circuited coil—conditions not in accord with those of the best working or non-
sparking, but which hold, for- instance, in the case of a reversible motor in which
the brushes are not moved from the central position betweeu the poles. The
explanation given by Mr. Swinburne in his reply to my remarks related only to
the action which takes place when the hrushes are in the non-sparh'nrj position, and
agrees precisely with my statement of the case.

When conditions of non-sparking are not fulfilled, and there is a wasteful
current in the short-circuited section, the action is not reversible, as I have shown
in the first part of my remarks : and when non-sparking conditions are fulfilled, the
E.MJF. in the section under the brush is only just sufficient to cause the reversal,of
the normal current. Iu no sense, therefore, is Mr. Swinburne's statement, that
'•' the section.being commutated assists the movement of the armature in the case
" of a motor,'" true. It is either neutral, or it opposes the movement.
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•sections of the commutator is the same for every 6oil andseetion. Mr.
I am aware that much greater attention is • paid to this-than used
to be, but I think there is room for still greater accuracy. The
coils of the winding should be set out with mathematical pre-
cision—as one would go to work in making a mathematical in-
strument, for instance. If the brushes are left in the same
position during a long run in a dynamo which sparks slightly,
some sections of the commutator will be found marked by the
sparking more than, others : this clearly shows a want of symmetry
in the relations between coil and commutator sections. I believe
this is to a large extent the explanation of the sparking of early
machines and the destruction of one or two sections of the com-
mutator, and which has often been attributed to variations in the
hardness of metal of the commutator sections. I think it was
xeally caused by misplaced coils.

Professor Forbes pointed out that the reduction of induction
•om the trailing horn would be greater than the increase of induc-
tion on the leading horn. This is only the case to a practical
extent on one point of the curve, or approximately one point, and
•that is where it is gradually bending over. If we take a higher
induction we get nearly a regular increase, though it dies off if
we go much higher; if we have a case nearly approaching to
«atura£ion^which was the case Professor Forbes took—then I do
not think there is very much in Professor Forbes's argument. I
would like to add my tribute of praise to the very interesting
papers we have had.

Mr. E. E. CHOMPTON : I will bring before you several matters Mr.
Crompton.

which have not been; toucked upon in either of the. papers
under discussion, but which are so-, intimately connected with the
present development of construction of dynamo machines that I
think they ought not to be omitted from a discussion which will
be widely read, and which will. be expected to contain the latest
English ideas relating to dynamo construction. As you well
know, during the last year or two several firms—amongst which I
may mention Messrs. Siemens, Messrs. Mather & Platt, and my
own firm—have succeeded in turning out dynamo machines of an
-excellence and efficiency hitherto undreamt of. It has been fairly
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Mr. put on record that slow-speed machines made by three or four
Crompton. r L J

makers have, when tested at Messrs. Willans's works with the
extremely accurate appliances that Messrs. Willans have put down
for such testing, yielded as electrical energy at their terminals
84 per cent, of the energy measured from the indicator diagrams
of the engine. I may say that Messrs. Willans have ascertained
that the engine efficiency, taken by itself, is about 90 per cent.: it
follows that the actual commercial efficiency of these dynamos is
93 to 94 per cent. Now I do not find any hints in any of the
two papers put before you how such wonderful results as these
have been obtained. As a designer and maker of some of these
machines, I will do my best to supply this deficiency. In the
first place, I may say that one chief cause of this good result has
been the much-abused Admiralty specification. No doubt the
system of measuring the heating in the armatures was to some
extent an incorrect one, but the fact remains that the atten-
tion of competing makers was by means of this specification
directed to the necessity of studying the question of armature
heating much more closely than before had been the case. I may
say that the wonderful results above mentioned have in many
cases been obtained with machines far exceeding the dimensions
mentioned by Mr. Swinburne, at which points certain difficulties
commence to be dealt with. The designers of the smaller class
of machines, in fact, deal with a separate class of difficulties.
Fair efficiency, easy repair, and non-sparking commutator are the
three great essentials of the smaller class of dynamos. The
question of heating the armature when moderate loads are
employed seldom troubles the designer; but once we get to
machines having an output of from 80 to 100 kilowatts, the
circumstances are changed. It seems extremely difficult to get
rid of the heat generated during long runs. Although the
calculated efficiency of the machine may appear to be fairly high,
and the loss due to heating may be a comparatively small per-
centage of the whole load, still the heating effects due to this
loss, although a very small percentage of the total load, are
often sufficient to raise the temperature of the armature to a
dangerous extent if the test run be of long duration. I will
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briefly ran through some of the problems that presented them- Mr.
selves to us, and the way we met the difficulties.

First in order comes the question of the insulation of the •
core discs from the spindle. At first it was considered that it was
necessary to insert a wooden bush next to the spindle; but as this
decreased the power to resist mechanical strains, and increased
the tendency of the armature core to get out of truth, and
decreased the radial depth of the discs themselves, it was obvious
that unless special heating difficulties arose from keying the discs
direct on to the spindle, it was better so to key them on. A series
of experiments showed us that, provided the discs are insulated
from one another throughout their surface up to the outer peri-
pheries, there is no harm in allowing them to make electrical or
magnetic contact with the spindle itself at the centre hole.

The next serious question which, had to be met was the
determination of the best method of communicating the driving
strain from the core discs themselves to the winding. Various
plans of projecting teeth were tried: some were cut out of the
solid discs, which were purposely made rather thicker than the
others. Gun-metal and German silver spiders were introduced
between the discs; but eventually we found that special driving
teeth, made of a metal of high electrical resistance and of suffi-
cient mechanical strength, could be fitted into the substance of
the compressed discs in such a manner as not to cause heating.
It was not until we tried many materials and many modes of
doing this that we arrived at our present practice. We are now
employing indifferently aluminium-bronze or delta metal teeth.
In smaller machines we sometimes can use hard steel teeth, but
the two former we. find best for the larger class of machines.

Next we had to deal with the separate sections which constitute
the armature winding, with a view of diminishing the heating by
eddy-currents within these sections or bars. We commenced by
splitting the bars and crossing them at their mid-length, as is
shown in the bar I hold in my hand. We found this improve-
ment actually reduced the heating of the bars to one-quarter of
what it was with the solid bars; so we carried the principle further,
and subdivided the bars, first into nine, and subsequently into a
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crom ton grea^ number of separate bars or wires, which we twisted and
compressed into either rectangular or trapezoidal form of cross
section, which last form we find most convenient to accurately
fill the space on the exterior of the core. The samples of this
twisted and compressed wire which I have before me speak for
themselves, and explain to you far better than I can do in words
the great advantage of this mode of construction of winding.
I may tell you that the net result of such twisted and compressed
bars has been that the final temperature after a six hours' run, in
the case of the compressed bar that I now hold in my hand—the
depth of which when measured in a direction radial to the core
is about f in., and the width, measured circumferentially, is
about £ in.—is 75° Fah. lower than it would have been if a solid
bar had been used. In the case of very wide bars, measuring
1 in. deep radially, and 1£ in. circumferentially, the difference
would be still more striking.

There are other points connected with the design of dynamo
machines, more especially relating to the radiating surface, which
are of the highest possible interest to us all. I am disappointed
that no one has touched on this very important subject. We find
that nearly all makers of high-class machines, as it were;, roughen
the external surface of the armature by various modes of spacing
the'bars-constituting the winding. Some makers leave a small
space* between every bar; others group them two, three, and four
together, leaving a larger space between each group. Experiments
have shown us that very considerable differences can be observed
in the radiating power of these armatures; but some modes of
construction are much superior to others, and I believe we have
yet something to learn on this point.

I am sorry to disagree with Professor Forbes regarding the
throttling of the magnetic lines which he has called attention to
in.Figs., 3 and 4. He seems to think that the reduction of
section of .the magnets, as shown in those figures, will not- have a
beneficial effect. I must, tell him that facts are against him;
that for many years past we have followed this principle of con-
structing our field magnets, with highly satisfactory results.
There are many machines employing Gramme form of armatures
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which would not run at all if the field magnets were continued at Mr.
° CromptOn.

the full section instead of being thinned down as shown on these
drawings.

Professor FORBES : I never denied that it throttled. I only Professor
J Forbes.

said that throttling was not a good thing.
Mr. E. E. CROMPTON : I repeat that it is a good thing in the >ir.

L ° ° Crompton.

sense that it produces the good distribution of induction round the
armature which we require, and which can be beautifully shown
by the pilot brush apparatus invented by Mr. Mordey, for which
all dynamo makers are much indebted to him. With reference
to the question asked by this gentleman, inquiring what would
happen if an arc lighting machine with a smooth commutator
were short-circuited with a thick piece of wire, I should say that
all that would happen would be that the driving belt would come
off to a certainty; in fact, I would defy Mr. Mordey to keep the
belt on. This class of dynamo is seldom direct driven ; and even
if it were so direct driven, the short-circuit would pull the engine
up. Mr. Mordey, whose opinion I greatly respect, has startled
me to-night when he states that armatures show a reduction of
resistance corresponding with the rise of temperature. I may say
that in our works we have books containing several thousands oP
tests of dynamo machines, in most of which the steady rise of
resistance due to the heating up of the armature as the load is
increased is duly recorded, and I have never yet seen the effect
mentioned by Mr. Mordey. I can readily understand that it
would occur if the joints from the commutator to the armature
were badly made; and if I observed such an effect, I should
decidedly discharge the jointer who had put the commutator on.

Mr. MORDEY : Unfortunately we are not able to ask men Mr. Morde
working in, other peoples' factories.

Mr. CROMPTON : I have to make one remark respecting Mr. Mr.
Crompton.

Esson's paper. He therein speaks rather slightingly of a certain
machine which he says is abnormal in the relative proportions of
the armature core and winding, and which he supposes. was the
extraordinary machine that I designed during Mr. Kapp's absence
on a holiday. I have no doubt Mr. Esson refers to some remarks
made by me in the course of Mr. Kapp's own paper some years
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Mr. ago. The fact of the matter is, as Mr. Kapp himself would be
Crompton. ° ' u

the first to admit, that this original Crompton machine is not the
same machine on which Mr. Esson made his experiments, but I
believe that it was the father of the modern developments of the
Gramme form of two-pole machines. It was the first machine which
showed a conception of a complete circuit of low magnetic resist-
ance. The armatures—of ring form previous to the construction
of that machine—had cores of small cross section compared with
that of their field magnets. But the machine I referred to in the
discussion on Mr. Kapp's paper was the first one in which the
radial depth of the armature core was l-5th the diameter, which
proportion has been found to be correct, and has been very
closely adhered to by nearly all makers since that date. The
armature of that machine, with its massive core, and with the
special devices in winding which that deep core entails, has sub-
stantially been the model from which most improved modern
machines using ring cores have been copied.

The T h e CHAIRMAN : The re a re still several member s who have
Chairmam.

intimated their desire to speak, and after they have finished there
is no doubt Mr. Swinburne and Mr. Esson will take some
considerable time—not more than necessary, I am sure, but a
certain time—in replying. I think, therefore, it would be desirable
to adjourn this discussion again until this day week, when we
shall, I hope, be able to bring it to a conclusion.

A ballot for new members took place, at which the following
candidates were elected :—

Members:
John Hubert Davies. | William Henry Wellsted.

Associates:
Paul Hoho. I Thomas Patrick Travers.Students :
William Bathurst.
Walter John Fryer.
Arthur Everard Levin.

The meeting then adjourned.

Frederick William Mills.
Alfred Allen Whitlock.
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The Two Hundred and Fifth Ordinary General Meeting of the
Institution was held at the Institution of Civil Engineers,
25, Great George Street, Westminster, on Thursday evening,
March 20th, 1890—Dr. JOHN HOPKINSON, F.R.S., President,
in the Chair.

The minutes of the Ordinary General Meeting held on
March 13th, 1890, were read and approved.

The names of new candidates for election into the Institution
were announced and ordered to be suspended.

The following transfers were announced as having been
approved by the Council:—

From the class of Associates to that of Members —

John Cameron Lamb.

From the class of Students to that of Associates—

William H. Merriman. | Herbert Thomas Sally.

Donations to the Library were announced as having been
received since the last meeting from Professor Perry, Member;
Sir David Salomons, Member ; and Mr. John Gray, Associate ; to
whom the thanks of the meeting were duly accorded.

The PRESIDENT : Gentlemen,—We will now resume the dis-
cussion of the papers by Mr. Swinburne and Mr. Esson. It is
absolutely essential that this discussion .be concluded to-night,
and that there be adequate time left at the disposal of the
authors for their replies. I therefore beg of you to be as brief
as you can in any remarks you may make.

Mr. ALEXANDER P. TROTTER : I cannot agree with Mr. Esson Mr. Trotter,
that calculations undertaken with a view to ascertaining the
magnitude of the stray field from a knowledge of the shape of
the machine, without reference to previous machines, are
necessarily of a laborious character, and that the labour in the end
leads to no very great accuracy. In the course of the discussion


